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SPECTROPEOTOMETRIC STUDY O F  THE INTENSIFICATION 
OF THE 5577 8 L I N E  I N  ZODIACAL LIGHT 

by Z .  V .  Karyag ina  - .~ .-_-- 

D i f f e r e n t  v i ews  a re  c u r r e n t l y  be ing  h e l d  r e g a r d i n g  t h e  p a r t  p l a y e d  by 

t h e  a tmosphe r i c  component i n  t h e  glow o f  z o d i a c a l  l i g h t .  I n  t h e  work o f  

Karimov c13, a 20% i n c r e a s e  i n  b r i g h t n e s s  was found for a l l  t h r e e  e m i s s i o n  

l i n e s  o f  n igh tg low i n  t h e  s p e c t r u m  o f  z o d i a c a l  l i g h t ,  a s  compared w i t h  t h e i r  

b r i g h t n e s s e s  a t  a p o i n t  o f  t h e  sky s i t u a t e d  a t  a n  angular d i s t a n c e  o f  20 
0 

from t h e  a x i s  o f  z o d i a c a l  l i g h t .  

I n  one  o f  t h e  l a t e s t  a r t i c l e s  by Roach e t  al [ 2 ] ,  a s t u d y  was made o f  

t h e  n igk tg low and  glow o f  z o d i a c a l  l i g h t  w i t h  a p h o t o e l e c t r i c  p h o t o E e t e r  

p r o v i d e d  w i t h  four i n t e r f e r e n c e  f i l t e r s  c e n t e r e d  on the e m i s s i o n  l i n e s  o f  

n ight -g low i n  t h e  p o r t i o n  o f  t h e  c o n t i n u o u s  s p e c t r u m  a t  5300 8 .  The c r i -  

t e r i o n  f o r  t h e  p r e s e n c e  of glow i n t e n s i f i c a t i o n  i n  t h e  e m i s s i o n  l i n e s  o f  

z o d i a c a l  l i g h t  w a s  t h e  ratioH,,,,I&,, where He,,, i s  t h e  b r i g h t n e s s  of t h e  

sFec t rum i n  t h e  p o r t i o n  i n c l u d i n g  t h e  wave leng th  o f  t h e  c o r r e s p o n d i n g  

e m i s s i o n  l i n e ,  a n d H S m  is  t h e  6ame f o r  t h e  p o r t i o n  o f  t h e  c o n t i n u o u s  s p e c -  

t r u m  from 5300 8, f r e e  o f  emis s ion  l i n e s .  These  q u a n t i t i e s  were o b t a i n e d  

by c a l c u l a t i n g  t h e  i n t r i n s i c  glow o f  t h e  E a r t h ' s  a tmosphe re  and  t h e  s c a t -  

t e r e d  s t e l l a r  l i g h t  from t h e  b r i g h t n e s s e s  o b s e r v e d ;  t h e  b r i g h t n e s s e s  i n  t h e  

c o r r e s p o n d i n g  p o r t i o n s  o f  t h e  spec t rum are e x p r e s s e d  i n  u n i t s  o f  b r i g h t n e s s  

i n  t h e  c e n t e r  of t h e  Sun, and 8=300 t o 9 = 1 6 0  were  o b t a i n e d  f o r  t h e  angu- 

l a r  d i s t a n c e s  from t h e  Sun. 

The f o l l o w i n g  v a l u e s  O f  Hem were o b t a i n e d  for t h e  p o r t i o n  y s 5 5 7 7 i  

f o r  v a l u e s  of  # o f  i n t e r e s t  t o  u s ,  i n  two days  o f  o b s e r v a t i o n s :  



450 
50 
55 
60 

The a u t h o r s  o b t a i n e d  t h i s  v a l u e  o f  t h e  r a t i o  by a v e r a g i n g  i t s  v a l u e s  

f o r  a l l  t h e  a n g u l z r  d i s t a n c e s  from t h e  Sun  ( f rom 30 t o  looo) ,  and i t  was 

found t o  b e  1.CO ( T a b l e  11 i n  c .23 )  for a l l  t h r e e  o f  t h e  e m i s s i o n  l i n e s  ob- 

s e r v e d ;  on t h e  b a s i s  o f  t h e  r e s u l t s  o b t a i n e d  d u r i n g  t h e s e  two days o f  ob- 

0,944 1,157 
0.910 1,163 

0.902 . 1.150 
0,890 1,160 

s e r v a t i o n s ,  t h e  a u t h o r  a s s e r t s  t h a t  no i n t e n s i f i c a t i o n  o f  t h e  e m i s s i o n  l i n e s  

o f  t h e  n i g h t  s k y  i n  z o d i a c a l  l i g h t  is observed .  T h i s  is shown more g r a p h i -  

c a l l y  on t h e  i s o p h o t i c  c h a r t s  g iven  i n  F ig .  13 i n  [ 2 ]  f o r  f i v e  d a y s  o f  ob- 

s e r v a t i o n s ,  bu t  * u n f o r t u n a t e l y ,  t h e s e  c h a r t s  are  n o t  accompanied by t h e  

d a t a  f o r  t h e  n u m e r i c a l  v a l u e  o f  t h e  s c a l e  of t h e  i s o p h o t e s ,  a n d  no i n d i c a -  

t i o n  i s  g i v e n  o f  t h e  number o f  p o i n t s  from which they  were p l o t t e d .  Thus ,  

i f  t h e  pho tomet ry  *as l a c k i n g  i n  d e t a i l  b o t h  w i t h  r e s p e c t  t o  t h e  s c a l e  and 

t h e  number of  p o i n t s  u sed  t o  t r a c e  t h e  i s o p h o t e s ,  t h e  i n c r e a s e  i n  t h e  b r i g h t -  

n e s s  o f  t h e  5577 l i n e  on  t h e  a x i s  of z o d i a c a l  l i g h t  coul.? h a v e  been  m i s s e d .  

The ain! of t h e  p r e s e n t  mork was t h e  d e t e r m i n a t i o n  o f  t h e  b r i g h t n e s s  o f  

t h e  e m i s s i o n  l i n e  o f  t h e  n i g h t  sky  at 5577 % i n  z o d i a c a l  l i g h t ,  as compared 

w i t h  i t s  b r i g h t n e s s  a t  p o i n t s  o f  t h e  s k y  t o  t h e  n o r t h  and s o u t h  o f  i t s  axis 

a t  t h e  same z e n i t h a l  d i s t a n c e .  

The o b s e r v a t i o n s  were rcade d u r i n g  March, 1956 a t  t h e  Mountain Observa- 

t o r y  of  t h e  A s t r o p h y s i c a l  I n s t i t u t e  o f  t h e  Academy o f  S c i e n c e s  o f  t h e  Kazakh 

SSR by means o f  t h e  GAISh u l t r a - h i g h - s p e e d  n e b u l a r  s p e c t r o g r a p h  o f  N. N .  

P a r i i s k i i '  s system. This s ~ e c t r o g r a p h  was made s p e c i f i c a l l y  f o r  o p e r a t i o n  



u n d e r  e x p e r i m e n t a l  c o n d i t i o n s .  The i n s t r u m e n t  h a s  i n t e r c h a n g e a b l e  cameras:  

one  w i t h  g l a s s  and  t h e  o t h e r  w i t h  q u a r t z  o p t i c s .  The o p t i c a l  d i ag ram a n d  

g e n e r a l  a p p e a r a n c e  of  t h e  s p e c t r o g r a p h  a re  g i v e n  i n  F i g s .  1 and 2 

2 

F i g .  . O p t i c a l  ,,agram o f  t h e  h igh - speed  n e - u l a r  s p e c t r o g r a p h .  

I n  t h e  p r e s e n t  work, o n l y  t h e  g l a s s  s p e c t r o g r a p h  was used .  The f o c a l  

d i s t a n c e  o f  i t s  c o l l i m a t o r  l e n s  was 1,876 mm; t h e  d i a m e t e r  o f  t h e  c o l l i -  

m a t o r ,  46 mm; t h e  s p e e d  o f  t h e  camera,  1:0.7; t h e  f o c a l  d i s t a n c e  o f  t h e  

can?era l e n s ,  25.6 mm; t h e  h e i g h t  o f  t h e  s l i t ,  300 mx; t h e  s l i t  w i d t h  c o u l d  

be  v a r i e d  from 0.2 t o  50 mm. The r e d u c t i o n  o f  t h e  s l i t  on  t h e  p l a t e  was 73 

times. The f o c a l  d i s t a n c e  o f  t h e  c o l l i m a t o r  l e n s  and t h e  diaphragm ape r -  

t u r e  d e t e r m i n e s  t h e  a v e r a g i n g  o f  t h e  image o f  t h e  c e l e s t i a l  body by  t h e  

s p e c t r o g r a p h .  For t h i s  s p e c t r o g r a p h ,  t h e  a v e r a g i n g  c i r c l e  i n  t h e  s k y  h a s  a 

d i a m e t e r  o f  a b o u t  1 f o r  e a c h  p o i n t  o f  t h e  s l i t .  The e n t i r e  s l i t  d e f i n e d  a 

s t r i p  Bo l o n g  and abou t  1 Nide  i n  t h e  sky.  The d i s p e r s i o n  o f  t h e  s p e c t r o -  

g r a p h  a t  5620 8 i s  2500 W/mm, a n d  t h e  l e n g t h  o f  t h e  s p e c t r u m  i s  2 mm. 

d i s p e r s i o n  c u r v e  i s  g i v e n  i n  F i g .  3. 

0 

0 

The 

T h e  h i g h  s p e e d  of  t h e  s p e c t r o g r a p h  made i t  p o s s i b l e  t o  o b t a i n  i n  8 

m i n u t e s ,  s u f f i c i e n t l y  d e n s e  n e g a t i v e s  o f  t h e  c o n t i n u o u s  spec t rum o f  t h e  

3 



n i g h t  s k y ,  and  a t  the same time non-overexposed p i c t u r e s  o f  t h e  e m i s s i o n  

l i n e s  on Kodak 103a D p l a t e s  a t  a slit w i d t h  o f  3 mm. 

A t  t h i s  s l i t  w i d t h ,  t h e  g r e e n  l i n e  o f  t h e  n i g h t  sky,  5577 8 ,  was e f -  

f e c t i v e l y  s e p a r a t e d  from t h e  y e l l o w  5893 8 l i n e ,  a n d  t h e  c o n t i n u o u s  s p e c -  

t rum on b o t h  o f  i ts  s i d e s  was s u f f i c i e n t l y  dense  t o  a l l o w  a r e l i a b l e  c a l -  

c u l a t i o n  o f  t h e  b r i g h t n e s s  of t h e  continuous spec t rum from t h e  b r i g h t n e s s  

o f  t h e  l i n e .  

___-___ ~ - , - . ~ - ~  . ------ -’. I - 
\ ,  

Fig. 2. G e n e r a l  a p p e a r a n c e  o f  t h e  Fig. 3 .  D i s p e r s i o n  c u r v e  o f  
h igh-  s p e e d  n e b u l a r  s p e c t r o g r a p h .  t h e  g l a s s  s p e c t r o g r a p h .  

The a r r angemen t  o f  t h e  s p e c t r o g r a p h  t u b e  a l l o w e d  t h e  l a t t e r  t o  be 

r o t a t e d  abou t  t h e  o p t i c  axis i n  such  a way t h a t  t h e  s l i t  c o u l d  d e f i n e  v a r i -  

o u s  a r e c t i o n s  i n  t h e  sky .  All t h e  o b s e r v a t i o n s  c a r r i e d  out i n  March, 1956 

were made w i t h  t h e  s l i t  a l o n g  t h e  e c l i p t i c  p l a n e .  

The o b s e r v a t i o n s  were u s u a l l y  begun i m m e d i a t e l y  a f t e r  t w i l i g h t ,  when 

4 
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0 t h e  Sun d ipped  t o  -20 , and w e r e  per formed a s  f o l l o w s :  f i r s t ,  t h e  spec t run!  

o f  t n e  sky t o  t h e  n o r t h  or s o u t h  o f  t h e  axis o f  z o d i a c a l  l i g h t  was photo-  

grapned  ( a n g u l a r  d i s t a n c e  g i v e n  b y  t h e  a l m u c a n t a r ,  35'1, t h e n  t h e  spec t rum 

o f  z o d i a c a l  l i g h t  was pho tographed ,  and  a g a i n  t h e  s p e c t r u m  o f  t h e  sky on 

t h e  o p p o s i t e  s i d e  o f  t h e  axis  o f  z o d i a c a l  l i g h t .  A l l  t h e  p h o t o g r a p h s  w e r e  

made a t  a z e n i t h a l  d i s t a n c e  o f  t h e  s l i t ' s  c e n t e r  o f  70 . On t h e  a v e r a g e ,  

abou t  8 pho tographs  o f  t h e  spec t rum c o u l d  b e  o b t a i n e d  i n  o n e  evening .  

p h o t o g r a p h s  of  z o d i a c a l  l i g h t  co r re sponded  t o  a n g u l a r  d i s t a n c e s  f rom t h e  

Sun o f  45 t o  60'. 

g e t  s p e c t r a  K i t h  two e x p o s u r e s  s i m u l t a n e o u s l y :  8 min and  4 min. To t h i s  

e n d ,  a s p e c i a l  a t t achmen t  K i t h  s h u t t e r s  was mounted i n  f r o n t  o f  t h e  s l i t ;  

f o u r  of t h e  s h u t t e r s  were  open  d u r i n g  all o f  t h e  8 min,  a n d  t h e  o t h e r  f o u r  

( t h r o u g h  o n e ) ,  o n l y  4 ntin (see F i g .  4) .  

0 

The 

The c o n s i d e r a b l e  l e n g t h  o f  t h e  s l i t  Eade i t  p o s s i b l e  t o  

C a l i b r a t i o n  pho tographs  were o b t a i n e d  w i t h  a u n i v e r s a l  monochromator 

w i t h  a m u l t i s t a g e  p l a t i n u m * a t t e n u a t o r  a t  t h e  same e x p o s u r e s  o f  4 a n d  8 min 

and w i t h  d i f f e r e n t  n e u t r a l  f i l t e r s  p l a c e d  i n  f r o n t  o f  t h e  b u l b  o f  t h e  il- 

l u m i n a t o r ,  i n  o r d e r  t o  o b t a i n  a s e l e c t i o n  o f  c a l i c , r a t i o n  c u r v e s  which  were 

s u b s e q u e n t l y  a v e r a g e d  o u t .  The c a l i b r a t i o n  c u r v e s  were p l o t t e d  f o r  wave- 

l e n g t h s  o f  5600, 5461, 5265, and  4930 2. 
l i m i t s  o f  a c c u r a c y  t h e y  were p a r a l l e l  a n d  c o u l d  b e  ave raged  o u t .  The t r a n s -  

m i s s i o n  of  t h e  p l a t e s  of  t h e  p l a t i n u m  a t t e n u a t o r  was s t u d i e d  tho rough ly  un- 

d e r  t h e  same c o n d i t i o n s .  T o  t h i s  end ,  pho tographs  o f  t h e  s p e c t r a  K i t h  t h e  

a t t e n u a t o r  were s p e c i a l l y  o b t a i n e d ,  and  t h e  c a l i b r a t i o n  pho tographs  were 

o b t a i n e d  by means of a t u b e  pho tomete r  w i t h  d i f f e r e n t  f i l t e r s ,  v i z :  OS-12, 

ZhZS-1, SZS-8 and SS-4. A l a r g e  number o f  p h o t o g r a p h s  were o b t a i n e d ,  h a l f  

o f  which were p r o c e s s e d  by u s  a n d  t h e  o t h e r  h a l f  by o u r  c o l l a b o r a t o r  a t  

GAISh CF. K. S h t e r n b e r g  S t a t e  I n s t i t u t e  o f  A-stronomy], L .  M. G i n d i l i s .  

It  w a s  found t h a t  w i t h i n  t h e  

5 
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F i g .  4, a p e c t r a  o f  z o d i a c a l  l i g h t  
( r i g h t )  and  sky  ( l e f t ) .  Exposure ,  
4 n i n  and  8 rnin. 
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i 
1 

i 
i 
t 

t 

R e s u l t s  o f  t h e  s t u d y  a r e  g i v e n  i n  T a b l e  1. 

T a b l e  1. 

R e s u l t s  of t h e  S tudy  of t h e  A t t e n u a t o r  

1 1  2 1 . 3  I I 5 W 7  
I I I 1 . I  I 

1-2 
2-3 
3-4 

' 4-5 
5-6 
6-7 
7-8 

0,177 & 0.007 
0,142 2 0.004 
0,142 -+ 0.005 
0.152 t 0.004 
0.150 & 0.003 
0,154 & 0.014 
0,137 r 0,007 

0.182 
0.125 
0.140 
0.1 65 
0,143 
0,165 
0,108 

t 
t 
t 
t 
t 

* + - 

1 

i 8  

I 0.97 
1,15 
1.28 
1.42 
1,5Y 
1.73 
1.89 
2,oo 

0.83 
1 ,oo 
1.17 
1.34 
1.50 
1.69 
1.86 
2.00 

The columns o f  T a b l e  1 r e p r e s e n t  t h e  f o l l o w i n g :  1st column, n m b e r s  

o f  t h e  p l a t e s  f o r  which  t h e  d e n s i t y  d i f f e r e n c e s  were  d e t e r m i n e d ;  2nd c o l -  

umn, d e n s i t y  d i f f e r e n c e s  o f  p a i r s  o f  t h e s e  p l a t e s  as  d e t e r m i n e d  by L, M. 

G i n d i l i s ;  3 r d  column, t h e  s a n e  as  d e t e m i n e d  by u s ;  4 t h  column,  a v e r a g e d  

w e i g h t e d  d e n s i t y  d i f f e r e n c e  v a l u e s  from o u r  d e t e r m i n a t i o n s  and t h o s e  o f  

G i n d i l i s ;  5 t h  column, numbers of  t h e  2lates;  6 t h  column, v a l u e s  o f  d e n s i -  

t i e s  o f  t h e  p l a t e s ,  o b t a i n e d  f r o m  column k ,  assuming t h e  d e n s i t y  o f  t h e  8 t h  

p l z t e  t o  be 2.00; 7 t h  column, t h e  same as i n  column 6 (from t h e  d a t a  on t h e  

6 



r a t i n g  p l a t e  o f  t h e  a t t e n u a t o r ) .  

Table  1 g i v e s  t h e  a v e r a g e  d e n s i t i e s  o f  t h e  p l a t e s  o f  t h e  a t t e n u a t o r  

f o r  wave l e n g t h s  AA. 

s i o n  o f  t h e  a t t e n u a t o r  p l a t e s  i s  i n d e p e n d e n t  o f  t h e  wave leng th  between t h e s e  

l i m i t s .  The e r r o r s  shown i n  Table 1 a r e  mean s q u a r e s  a n d  were d e t e m i n e d  

from 5 t o  6 s e p a r a t e  d e t e r m i n a t i o n s .  T h i s  s t u d y  d e m o n s t r a t e s  t h a t  t h e  s c a l e  

o f  t h e  a t t e n u a t o r  i s  known w i t h i n  1 t o  2%. 

5265 t o  57808, i n  view o f  t h e  f a c t  t h a t  t h e  t r ansmis -  

The s t a n d a r d i z a t i o n  i n v o l v e d  t h e  u s e  o f  a c o n s t a n t  luminophor  whose 

e n e r g y  d i s t r i b u t i o n  w a s  d e t e r m i n e d  by a t i e - i n  w i t h  t h e  stars. 

The p h o t o m e t r i c  a n a l y s i s  o f  t h e  s p e c t r u m  w a s  done w i t h  a n  PiF-2 micro-  

pho tomete r  a t  a 0.3 mm s l i t  K i d t h  wi th  a m a g n i f i c a t i o n  o f  30 X ,  which c o r -  

r e sponded  t o  0.01 mm o n  t h e  p l a t e .  The s p e c t r a  Mere measured  i n  t h e  r a n g e  

from 5850 t o  5200 8. 
mined a t  50 p o i n t s ,  a n d  t h e  c o n t o u r  o f  t h e  5577 8 l i n e  o b t a i n e d  was v e r y  

d e f i n i t e .  The  c o n t i n u o u s  spec t rum i n  t h e  p o r t i o n  o f  t h e  c o n t o u r  o f  t h e  

5577 A l i n e  w a s  d e t e r m i n e d  by i n t e r p o l a t i n g  i t s  v a l u e s  t o  t h e  r i g h t  and l e f t  

o f  t h e  l i n e .  T o  v e r i f y  i t s  d i s t o r t i o n  due t o  t h e  wings  o f  t h e  l i n e ,  t h e  i n -  

s t r u m e n t a l  c o n t o u r  was d e t e r m i n e d  a n d  compared w i t h  t h e  c o n t o u r  of  t h e  5577 

2 l i n e  f o r  t h e  n i g h t  s k y ;  i t  was found t h a t  trie c o n t i n u o u s  background i s  

w e l l  d e f i n e d ,  b e i n g  u n d i s t o r t e d  b y  t h e  l i n e  wings .  

Over  t h i s  wave leng th  r a n g e ,  t h e  d e n s i t i e s  were de te r -  

0 

I n  f u r t h e r  p r o c e s s i n g ,  t h e  obse rved  i n t e n s i t i e s  were o b t a i n e d  i n  u n i t s  

o f  t h e  b r i g h t n e s s  o f  t h e  luminopnor ,  t h e  e n e r g y  d i s t r i b u t i o n  i n  wh ich  was 

o b t a i n e d  from t h e  r e l a t i o n  K E  G,, ; t h e  s p e c t r a l  c l a s s  o f  t h i s  star was G8. 

The e n e r g y  d i s t r i b u t i o n  i n  i t s  s p e c t r m  was t a k e n  t o  b e  t h a t  g i v e n  by I ; lanck,  

assuming i t s  t e m p e r a t u r e  T = 3840 , a c c o r d i n g  t o  B r i l l ' s  d a t a  L3l. 

q u e n t l y ,  L .  Ivl. G i n d i l i s  a n d  I made a more thorough d e t e r m i n a t i o n  o f  t h e  en- 

e r g y  

0 Subse- 

d i s t r i b u t i o n  i n  t h e  spec t rum o f  thc l m i n o p h o r  by t i e - i n s  w i t h  stars 
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o f  t y p e  A. hav ing  a well-known ene rgy  d i s t r i b u t i o n .  

a l l  t h a t  w a s  needed  w a s  t h e  r e l a t i v e  e n e r g y  d i s t r i k u t i o n  o v e r  a compara- 

I n  t h e  p r e s e n t  work, 

t i v e l y  narrow p o r t i o n  o f  t h e  s p e c t r u m ,  s o  t h a t  a n y  i n a c c u r a c i e s  i n  t h e  

adop ted  e n e r g y  d i s t r i b u t i o n  i n  E'G s c a r c e l y  a f f e c t e d  t h e  d e t e r m i n a t i o n  em 

o f  t h e  i n t e n s i f i c a t i o n  o f  t h e  b r i g h t n e s s  o f  t h e  5577 w l i n e  i n  t h e  s p e c t r u m  

o f  z o d i a c a l  l i g h t .  

The magni tude  of t h e  i n t e n s i f i c a t i o n  w a s  c a l c u l a t e d  from t h e  r e l a t i o n  

where JzL, z, & are  t h e  i n t e g r a l  b r i g h t n e s s e s  of t h e  5577 8 l i n e  i n  t h e  

spec t rum o f  z o d i a c a l  l i g h t  i n  t h e  s o u t h e r n  and  n o r t h e r n  p o i n t s  o f  t n e  s k y ,  

r e s p e c t i v e l y ,  r educed  t o  one i n s t a n t .  

The d e t e r m i n a t i o n  o f  t h e  i n t e g r a l  b r i g h t n e s s  of  t h e  5577 8 l i n e  was 

made b y  c a l c u l a t i n g  t h e  a r e a  o f  t h e  i n t e n s i t y  d i s t r i b u t i o n  c u r v e  bounded by 

t h e  c o n t o u r  o f  t h e  l i n e  a n d  t h e  i n t e r p o l a t e d  l i n e  o f  t h e  i n t e n s i t y  o f  t h e  

c o n t i n u o u s  spec t rum.  G,aphs of  t h i s  c o n t o u r  for z o d i a c a l  l i g h t  a n d  t h e  s k y  

are g i v e n  i n  F i g .  5 f o r  March 8, 1956. F o r  t h e  sake o f  c l a r i t y ,  t h e  re -  

s u l t s  o f  o b s e r v a t i o n s  f o r  o n e  even ing  a re  snown i n  t h e  graph  ( see  n g .  6 ) ,  

a n d  t h e  r e s u l t s  f o r  o t h r r  days  are g i v e n  i n  T a b l e  2 on ly .  Fig. 6 shows t h e  

c h m g e  i n  t h e  b r i g h t n e s s  o f  t h e  5577 8 l i n e  i n  t h e  spec t rum o f  z o d i a c a l  

l i g h t  a n d  sky f o r  March 8 ,  1956 f o r  Is  m i n u t e s  o f  e x p o s u r e  ( c u r v e s  I ,  I1 and 

111). 

d e t e r m i n e d  f o r  r e f e r e n c e  pu rposes ,  a n d  f o r  t h e  4 min e x p o s u r e s  f o r  t h e  same 

p o r t i o n s  of  t h e  sky  as f o r  t h e  6 min e x g o s u r e s  ( c u r v e s  I a ,  I I a ,  and  I I I a ) .  

F o r  t h e  8 min e x p o s u r e s ,  t h e  v a l u e s  o f  t h e  b r i g h t n e s s  o f  t n e  5577 8 l i n e  

are  g i v e n  i n  u n i t s  o f  b r i g h t n e s s  o f  t h e  luminophor ,  and f o r  t h e  4 min expo- 

s u r e s ,  i n  r e l a t i v e  u n i t s  n o t  c o n v e r t e d  i n t o  b r i g h t n e s s e s  o f  t h e  luminophor ,  

as t h e  l uminophor  was found t o  be underexposed  f o r  t h e  4 min exposures .  

For t h a t  day  o f  o b s e r v a t i o n s ,  t h e  b r i g h t n e s s  o f  t h e  5577 8 l i n e  was 
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. 

so. 

M -  

: 2 0 .  

By a n a l y z i n g  F i g .  6 one  can  conc lude  t h a t  t h e  c o u r s e  o f  t h e  change  i n  

t h e  i n t e g r a l  b r i g h t n e s s  o f  t h e  5577 8 l i n e  w i t h  t ime i s  t h e  same f o r  4 rnin 

- - - - -IIa,  sky t o  t h e  s o u t h  o f  t h e  
axis o f  z o d i a c a l  l i g h t ;  111, 8 min;  

go--------- 
7Qo 11Ia, 4 rnin. 

. .WO 

i . . . .  
I . .  . I . . '  - - ' a '  

and 8 min w i t h i n  t h e  l i m i t s  o f  a c c u r a c y  o f  t h e  measu remen t s ,  as c a n  be s e e n  

by comparing l i n e s  I and I a  o f  t h e  z o d i a c a l  l i g h t  a n d  I11 a n d  IIIa for the 

slg at  t h e  s o u t h e r n  p o i n t .  The course of  t h e  i n t e g r a l  b r i g h t n e s s  o f  t h e  

5577 8 l i n e  f o r  t h e  p o i n t  o f  t h e  sky t o  t h e  n o r t h  o f  t h e  axis  of z o d i a c a l  

Fig. 5. 
f o r  z o d i a c a l  l i g h t  a n d  t h e  " s o u t n e r n t '  
p o i n t  o f  t h e  sky. 

Contour  o f  t h e  5577 8 l i n e  

0. * a  I 

5600 ,5600 5400 

l i g h t  is q u i t e  d i f f e r e n t  f o r  4 min and 8 rnin o f  exposure ,  a p p a r e n t l y  b e c a u s e  

o f  some d e f e c t  i n  t h e  emul s ion  o f  t h e  p l a t e  f o r  t h e  f i r s t  moment o f  o b s e r v a -  

t i o n s  (T = 7 h r  G g  K i n ) .  For  t h e  second  moment o f  o b s e r v a t i o n s  ( T  = 80 h r  

05 m i n ) ,  t h e  o b s e r v a t i o n s  for t h e  4 min exposure  a r e  i n  agreement  w i t h  t n e  

r e s u l t s  o b t a b e d  f o r  t h e  8 m i n  e x p o s u r e ,  j u d g i n g  from t h e  d i f f e r e n c e  i n  t h e  

i n t e n s i t i e s  o f  z o d i a c a l  l i g h t  a n d  sky at t h e  n o r t h e r n  a n d  s o u t h e r n  g o i n t s .  
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T h e r e f o r e ,  i n  c a l c u l a t i n g  t h e  mean f i n a l  intensities, t h e  r e s u l t s  o f  this 

o b s e r v a t i o n  o f  t h e  n o r t h e r n  p o i n t  o f  t h e  sky were r e j e c t e d .  
I 

The v a l u e s  o f  t h e  i n t e g r a l  b r i g h t n e s s  of t h e  5577 a line f o r  4 days  

o f  o b s e r v a t i o n s  are shown i n  T a b l e  2. 

o b s e r v e d  b r i g h t n e s s e s  a r e  given i n  r e l a t i v e  u n i t s ,  j u s t  as f o r  March 6 ,  

1956, for a 4 min exposure .  

For March 7 ,  10 ,  and 14, 1956, t h e  
I 

I 

6 40 
6 59 

' 7 0 9  
7 90 
7 31 
7 E8 
8 (75 
8 22 

I 
I S 32 

T a b l e  2 

I n t e g r a l  B r i g h t n e s s  o f  t h e  5577 51 L i n e  

77.5 .I 92.1 
.77,4 

88 ,s  1 
79,9 I 

54,s ! 
65.9 72'2 1 65.6 

7 10 111.0 
116,s 

7 725 36 ! 97.3 I 1 I 

113.6 

93,3 

6 40 
6 59 
7 09 
7 20 
7 31 
7 53 
8 0.5 
8 22 
8 32 

I 
1:0,7 ~ 

111.7 

104,2 

89.2 

7 02 102,8 
7 24 107.6 
7 44 I I 107.9 I ' -  

14/III 1956, e q = ~ ; u r e  4m 

7 46 98.8'' 
115.0 1 1 105,9 I 8 00 

8 44 
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The o b s e r v a t i o n s  o f  March 10 a n d  1 4 ,  1956 were  made a t  a zen i tna l .  d i s -  

t a n c e  o f  t h e  s l i t  c e n t e r  o f  72'. 

were o b t a i n e d  on PF-3 f i l m .  

Moreover ,  on March 10, 1956 t h e  s p e c t r a  

A comparison o f  t h e  r e l a t i v e  b r i g h t n e s s e s  o f  t h e  5577 8 l i n e  i n  t h e  

z o d i a c a l  l i g h t  of  t h e  n i g h t  s&- was c b t a l n e d  a s  w a s  i n d i c a t e d  above ,  f rom 

formula (I), where  Is and  IN are  t h e  b r i g h t n e s s e s  o f  t h e  5577 2 l i n e  i n t e r -  

p o l a t e d  f o r  t h e  moment a t  which t h e  z o d i a c a l  l i g h t  was obse rved .  The f i n a l  

r e s u l t s  f o r  t h e  v a l u e  of t h e  i n t e n s i f i c a t i o n  o f  t h e  5577 8 l i n e  a r e  g i v e n  

i n  T a b l e  5. 

The columns of T a b l e  3 r e p r e s e n t  t h e  f o l l o w i n g :  1st c o l m n ,  stellar 

time f o r  t h e  m i d d l e  o f  t h e  exposure ;  2nd column, i n t e g r a l  b r i g h t n e s s  o f  t h e  

5577 1 l i n e  on t h e  a x i s  o f  z o d i a c a l  l i g h t ;  3rd column, ' /a(&+%) , a v e r a g e  

b r i g h t n e s s  o f  t h e  5577 8 l i n e  f o r  t h e  sky, i n t e r p o l a t e d  f o r  t n e  moment of 

o b s e r v a t i o n  of z o d i a c a l  l i g h t  a n d  f o r  t h e  az imuth  o f  t h e  p o i n t  o b s e r v e d  on 

i t s  a x i s ;  4 t h  column, given v a l u e  of &, c h a r a c t e r i z i n g  t h e  i n t e n s i f i c a t i o n  

o f  t h e  5577 1 l i n e  on  t h e  ax is  o f  z o d i a c a l  l i g h t ;  5 t h  column, a n g u l a r  d i s -  

t a n c e  o f  t h e  o b s e r v e d  p o i n t  o f  z o d i a c a l  l i g h t  from t h e  Sun.  

Fo r  t he  time o f  o b s e r v a t i o n  T = 7 h r  53 min, column 2 of T a b l e  3 g i v e s  

taken  from c u r v e  l a  o f  F i g .  6 a n d  o b t a i n e d  i n  p a r e n t h e s e s  t h e  v a l u e  of  ' l Z ~ #  

by i n t e r p o l a t i o n ,  a n d  t h e  c o r r e s p o n d i n g  v a l u e  o f  t h e  i n t e n s i f i c a t i o n  i n  co l -  

umn 4 ( a l s o  i n  p a r e n t h e s e s ) .  

An a t t e m p t  t o  de t e rmine  t h e  a c c u r a c y  o f  t h e  r e s u l t s  o b t a i n e d  w a s  made 

i n  t h e  f o l l o w i n g  manner, F i r E t ,  t h e  a c c u r a c y  o f  t h e  p h o t o m e t r i c  measure-  

men t s  was de te rmined .  T o  t h i s  e n d ,  t h e  photometry  and  d e t e r m i n a t i o n  o f  t h e  

i n t e g r a l  b r i g h t n e s s  o f  t h e  5577 fi l i n e  were  c a r r i e d  o u t  5 d i f f e r e n t  t i m e s  

f o r  a s i n g l e  c a s e .  The  r e s u l t s  o f  t h e s e  measurements  a r e  g i v e n  below. 
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Tab le  3 

I n t e n s i f i c a t i o n  o f  t h e  5577 s( L i n e  
on t h e  Axis of L o d i a c a l  L i g h t  - 

J 4 
5 - -  2 1 

11a (lS +- IN) R=- I I;?INi ’. 

6 59 
7 20 
7 53 
a 22 

2 
3 
4 
5’ 

6 
7 
8 
9 

lo I 
l 1  I 

9 . 1  75.5 1.22 
SS.8 72.0 1,23 

72.2(78,0) 66.5 1.07 (1.18) 
G5,9 59,o 1.12 2: 

7/111 1956 

ti 59 120.7 95.0 

104.2 %,O 
so.0 

7 20 I 111.7 93,O 
1,27 
1,20 
1.18 
1.12 

lO/II I  1956J er+,sure ~ ISm 

7 24 I l07,6 1 101,9 1 - 1,07 I 
14/111 1 9 5 6 ; e - w p o s ~ r e ~  4m 

8 00 I Il5,O. 1C2.3 1 1.13 1 
I 

. 1  
500 

t 

45 

55 
60 

.50 . 

4 .i 
50 
5 5 
60 

40 . 

50 

Hence, t h e  r e l a t i v e  mean s q u a r e  e r r o r  o f  one measurement  o f  t n e  i n -  

t eg ra l  b r i g h t n e s s  o f  t h e  l i n e  i s  o f  t h e  o r d e r  o f  3.3%. L e t  u s  now c a l c u -  

l a t e  t h e  e r r o r  i n  t h e  value  of  k d u e  t o  e r r o r s  o f  t h e  p h o t o m e t r i c  metisure- 

ments ,  p r o c e e d i n g  from t h e  formula 

The  mean square e r r o r  o f  k may be r e p r e s e n t e d  as f o l l o w s :  

e a  and  t h e  r e l a t i v e  error is yaa=J- 
k* 

P e r f o r m i n g  t h e  t r a n s f o m a t i o n s ,  we g e t  
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T a b l e  4 

. 1  115.5 
2 .  114,9 

' 4  115,8 
- 3  110,5 

5 109.1 

-2 ,3  
-1.7 

-2,6 
+2.8 

+4,1 

and  J~=111,0, 1,=97,3. I n  t h i s  c a s e ,  q k  = 0.04. 

Thus,  t h e  e r r o r  o f  one  d e t e r m i n a t i o n  o f  K d u e  t o  i n a c c u r a c i e s  in t h e  

p h o t o m e t r i c  t e c h n i q u e  a t t a i n s  4%. 

I n  view of t h e  p r e s e n c e  o f  s o u r c e s  o f  e r r o r  o t h e r  t h a n  t h o s e  due t o  t h e  

p h o t o m e t r y ,  such  as the  e f f e c t  o f  i r r e g u l a r i t i e s  i n  the g r a i n s  o f  t h e  p l a t e ,  

t h e  i n a c c u r a c y  i n  t h e  estimate o f  t h e  p h o t o g r a p h i c  fog, etc .  , i t  is  more ex- 

p e d i e n t  t o  de t e rmine  t h e  a c c u r a c y  o f  t h e  r e s u l t  from t h e  i n t r i n s i c  similar-  

i t y  o f  t h e  i n d i v i d u a l  v a l u e s  of k f o r  t h e  four days  of o b s e r v a t i o n s ,  t h e  

w e i g h t i n g  b e i n g  p r o p o r t i o n a l  t o  the  number of o b s e r v a t i o n s .  

T a b l e  5 

1.19 

141111 1956 1.13 

7/11] 1956 
8;IJl 1956 
!VI11 1956 1.07 

For March 8,  1956, t h e  v a l u e s  o f  k shown i n  T a b l e  5 were o b t a i n e d  by 

a v e r a g i n g  all t h e  v a l u e s .  f o r  T = 7 h r  53 Kin ,  t h e  v a l u e  o f  k w a s  t a k e n  as 

1.18 - 0.01 5 .  I f ,  however,  i t  i s  assumed t o  b e  1.07, t h e  a v e r a g e  value ob- 

Fro% t h i s  one c a n  deterrxine t h e  mean s q u a r e  e r -  t a i n e d  i s  k = 1.18 - 0.02 

r s r  ~f  ne v a l u e  for b o t h  cases. In t h e  f i r s t  c a s e ,  i t  i s  found t o  be  O e 0 5 4  

+ 

-k 

5' 



( f o r  t h e  second c a s e ,  0.07,). 

of k 

Assuming t h a t  t h e  e r r o r  o f  o n e  d e t e r m i n a t i o n  

= 0.054 , t h e  e r r o r  of  t h e  a v e r a g e  we igh ted  v a l u e  of k can be o b t a i n -  

ed  from t h e  for roula  
ezk = S p i ?  E kj'. 

(XP)' - 
T h i s  e r r o r  d o e s  n o t  t ake  i n t o  a c c o u n t  t h e  d i s -  + 

5' I t  is found t o  b e  - 0.01 

p e r s i o n  o f  t h e  values o f  k from o n e  day t o  t h e  n e x t .  I n  o r d e r  t o  a l l o w  for 

t h i s  s o u r c e  of d i s c r e p a n c i e s  a l s o ,  a s i m p l e  a v e r a g e  was t a k e n  o f  t h e  four 

v a l u e s  o f  k for t h e  v a r i o u s  days ,  and i t s  e r r o r  was computed from t h e  i n t r i n -  

s i c  s i m i l a r i t y ;  i t  was found t o  b e  
- 
R, = 1t12 _t 0,025. 

The r e s u l t s  o b t a i n e d  make i t  p o s s i b l e  t o  conc lude  t h a t ,  on t h e  b a s i s  

o f  t h e  small number o f  o b s e r v a t i o n s  c i t e d  above ,  t h e  b r i g h t n e s s  o f  t h e  5577 2 
l i n e  o n  t h e  axis o f  z o d i a c a l  l i g h t  is greater  t h a n  t h e  b r i g h t n e s s  o f  t h e  s k y  

at t h e  same d i s t a n c e  b y  an a v e r a g e  o f  12 t o  1%. 

On t h e  bas i s  o f  o u r  o b s e r v a t i o n s  as w e l l  as t h o s e  o f  W. G. Karimov [l] 

a n d  Roach e t  a1 C2J, i t  c a n  be assumed t h a t  t h e  i n t e n s i f i c a t i o n  changes  

a p p r e c i a b l y  from one  n i g h t  t o  t h e  n e x t  and  may somet imes  b e  c o m p l e t e l y  ab- 

s e n t .  

The v a r i a t i o n  of t h e  b r i g h t n e s s  of t h e  g reen  l i n e  a i t h  t ime,  which can 

i n  p r i n c i p l e  p roduce  a s y s t e u i a t i c  e r r o r ,  was minimized a s  much a s  p o s s i b l e  

i n  our t e c h n i q u e  by p h o t o g r a p h i n g  t h e  sky s y m m e t r i c a l l y  i n  t ime w i t h  re- 

s p e c t  t o  t h e  moment a t  which t h e  z o d i a c a l  l i g h t  was photographed .  The pos- 

s i b l e  s y s t e m a t i c  e r rors  a s s o c i a t e d  w i t h  t h e  a z i n u t h a l  c o u r s e  o f  t n e  b r i g h t -  

n e s s  o f  t h e  s k y  were  a l s o  e s s e n t i a l l y  e x c l u d e d ,  since t h e  sky was photograph-  

e d  s y m m e t r i c a l l y  w i t h  r e s p e c t  t o  t h e  p o i n t  o f  z o d i a c a l  l i g h t  b e i n g  s t u d i e d .  

V a r i a t i o n s  in t h e  b r i r h t n e s s  o f  t he  s k y  glow c a u s e d  b y  d i f f e r e n c e s  i n  t h e  

z e n i t h a l  d i s t a n c e s  were e l i m i n a t e d  b y  choos ing  a s i n g l e  z e n i t h a l  d i s t a n c e  

for a l l  t h e  p i c t u r e s .  
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A = o r e  r e l i a b l e  e s t i m a t e  o f  t h e  magni tude  a n d  s t a b i l i t y  o f  t h e  i n t e n s i -  

f i c a t i o n  o f  t h e  b r i g h t n e s s  o f  t h e  5577 1 l i n e  i n  t h e  s p e c t r u m  o f  z o d i a c a l  

l i g h t  r e q u i r e s  a g r e a t e r  number o f  o b s e r v a t i o n s ,  and  t h e  p i c t u r e s  o f  z o d i a -  

c a l  l i g h t  a n d  sky rcust b e  made s i m u l t a n e o u s l y  w i t h  F r i s m s  a t t a c h e d  t o  t h e  

s l i t .  I t  i s  a l s o  d e s i r a b l e  t o  make t h e  o k s e r v a t i o n s  w i t h  a n a r r o w e r  s l i t ,  

s o  as  t o  b e  a b l e  t o  i n v e s t i g a t e  t h e  b e h a v i o r  o f  t h e  5893 1 l i n e .  W e  con- 

template s u c h  work i n  t h e  f u t u r e .  

I n  c o n c l u s i o n ,  I e x p r e s s  my deep a p p r e c i a t i o n  t o  academic ian  V .  G .  

Fesenkov a n d  N .  N. P a r i i s k i i  f o r  v a l u a b l e  a d v i c e  a n d  conments ,  and  a l s o  L .  

M. G i n d i l i s  f o r  h i s  p a r t i c i p a t i o n  i n  t h e  o b s e r v a t i o n s  and  v a r i o u s  l a b o r a t o r y  

i n v  e s t i  ga t i ons  . 
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ABSTRACT 

The  comparison i s  made o f  i n t e g r a l  b r i g h t n e s s  o f  t h e  l i n e  5577 8 of  
t h e  n i g h t g l o w  f o r  t h e  axe  of t h e  Z o p a c a l  l i g h t  and  f o r  two p o i n t s  o f  t h e  
s k y  on t h e  same z e n i t h  d i s t a n c e  (70 >. 0 

A n g u l a r  d i s t a n c e s  from t h e  sun  were 40-60 . 
I n t e g r a l  b r i g h t n e s s  o b t a i n e d  w i t h  s p e c t r o g r a p h  o f  t h e  h i g h  f o c a l  r a t i o  

1:0.7 by i n t e g r a t i n g  t h e  t r a c i n g  and s u b s t r a c t i n g  t h e  i n t e n s i t y  o f  t h e  con- 
t i n u o u s  spectrunr.  T h e  spectrograms were t a k e n  d u r i n g  f o u r  even ings  in 
March 1956. 

Mean enhancement o f  t h e  l i n e  5577 1 i n  t h e  Z o d i a c a l  l i g h t  o f  12-13; 
is r e c e i v e d .  A s u g g e s t i o n  o f  a p o s s i b l e  v a r i a b i l i t y  of  t h e  enhancement i s  
m a  de. # u r @ L ,  


